"There is nothing like looking, if you want to find something. You certainly usually find something, if you look, but it is not always quite the something you were after." -The Hobbit, or There and Back Again by J.R.R. Tolkien
The epithelial sodium channel (ENaC) is a heteromeric channel expressed in the principal cell of the cortical collecting duct and provides the final pathway for Na + reabsorption before tubular fluid becomes urine. Because ENaC is in a strategic position to dictate the Na + composition of tubular fluid, it is subject to extensive regulation by numerous factors including mechanical forces, proteases, ions, and hormones (Bhalla and Hallows 2008) . Cell culture models of the cortical collecting duct have provided a wealth of information about how steroid hormones, such as aldosterone, and growth factors, such as insulin and IGF-1, control ENaC activity (Chen et al. 1998 (Chen et al. , 1999 Record et al. 1998; Naray-Fejes-Toth et al. 1999; Wang et al. 2001; Gonzalez-Rodriguez et al. 2007; Pavlov et al. 2013) . However, some cell culture models do not always recapitulate cortical collecting duct function perfectly. For example, Xenopus laevis A6 cells and murine M1 cells exhibit morphological and electrical properties of the cortical collecting duct, yet both cell lines lack transcriptionally competent mineralocorticoid receptors (Chen et al. 1998) . This is significant because mineralocorticoid receptors respond to aldosterone, a key hormone that regulates ENaC activity, extracellular fluid volume, and blood pressure. Supraphysiological doses of aldosterone (in the lmol/L range) are often required to stimulate ENaC in cultured collecting duct cells, and glucocorticoids, such as dexamethasone, are sometimes used to probe mineralocorticoid function because glucocorticoids activate signal transduction cascades that are shared by both glucocorticoid and mineralocorticoid receptors. Supraphysiological doses of insulin (in the 30-50 nmol/L range) are also occasionally needed to stimulate ENaC in cultured collecting duct cells, where IGF type 1 receptors instead of insulin receptors are likely activated (GonzalezRodriguez et al. 2007 ).
In this issue of Physiological Reports, Mansley et al. (2016) revisit the mechanisms by which dexamethasone and insulin stimulate ENaC in murine mpkCCD c14 cells. The investigators demonstrate that dexamethasone (100 nmol/L) and insulin (20 nmol/L) both rapidly (within 45 min of administration) stimulate ENaC, but these hormones do so through distinct mechanisms ( Fig. 1 ). Dexamethasone increases SGK1 (serum-and glucocorticoid-regulated kinase 1) mRNA and protein expression, but dexamethasone does not stimulate cellular PI3K (phosphatidylinositol 3-kinase) activity as detected by the expression of phosphorylated forms of PKB (protein kinase B). The investigators suggest that the level of SGK1 expression is the rate-limiting step for dexamethasone-mediated stimulation of ENaC and that the basal level of PI3K activity is sufficient to phosphorylate and activate SGK1. Together, these findings confirm prior studies establishing SGK1 as a prototypic early-response gene and key mediator of steroid hormone action on ENaC in cortical collecting duct cells (Chen et al. 1999; Naray-Fejes-Toth et al. 1999 ).
Mansley et al. further demonstrate that insulin stimulates ENaC, but it does so by stimulating cellular PI3K and SGK1 activity instead of SGK1 expression (Mansley et al. 2016) . Interestingly, when mpkCCD c14 cells are pretreated with cyclohexamide, insulin-stimulated cellular PI3K or SGK1 activity is eliminated, yet insulin-stimulated ENaC current remains unaffected. These findings are surprising because it contradicts prior work showing the following: (1) inhibiting PI3K blocks insulin or IGF-1-stimulated ENaC current (Record et al. 1998; Gonzalez-Rodriguez et al. 2007; Pavlov et al. 2013) ; and (2) inhibiting PI3K abolishes insulin or IGF-1-induced phosphorylation and activation of SGK1 (Wang et al. 2001; Gonzalez-Rodriguez et al. 2007) . It is notable that Mansfield et al.
have not yet confirmed whether pretreatment of cells with a direct PI3K inhibitor would yield similar results, nor have they evaluated how insulin might stimulate ENaC in the absence of PI3K activity. It is possible that cyclohexamide, a protein synthesis inhibitor, inhibits an array of signaling pathways that ultimately preserves insulin-stimulated ENaC current regardless of the status of PI3K activity. Nonetheless, there is evidence for dissociation between insulin-stimulated PI3K activation and insulin-stimulated PKB activity in insulin-resistant adipocytes and skeletal muscle (Kim et al. 1999a,b; Nadler et al. 2001; Kruszynska et al. 2002) , leaving open the possibility that there may be genuine dissociation between insulin-stimulated PI3K/ SGK1 activation and insulin-stimulated ENaC current.
While the notion that insulin can stimulate ENaC via SGK1 is not new, the physiological significance of such signaling is still not clear. Global deletion of SGK1 in mice prevents high blood pressure that is induced by high fat feeding, a commonly used maneuver to induce insulin resistance (Huang et al. 2006) ; however, this study did not explicitly examine whether elevated ENaC activity was responsible for high-fat diet-induced high blood pressure (Huang et al. 2006) . Indeed, the question of whether ENaC mediates renal Na + retention and high blood pressure in the context of insulin resistance is still controversial. Acute administration of insulin to rats induces apical localization of ENaC in the cortical collecting duct (Tiwari et al. 2007 ). Moreover, deletion of insulin receptors from the collecting duct in mice decreases ENaC activity (Pavlov et al. 2013) , implying that hyperinsulinemia would lead to elevated ENaC activity. However, acute administration of insulin, at concentrations found in insulin-resistant humans and rodents, fails to increase ENaC activity in split-open rat cortical collecting duct (Frindt and Palmer 2012) . Finally, Nizar et al. have assiduously demonstrated that ENaC does not mediate renal Na + retention or salt-sensitive increases in blood pressure in a high fat-fed mouse model of insulin resistance (Nizar et al. 2016 ). Collectively, these in vivo studies underscore the importance of testing the physiological significance of insulin-ENaC signaling in animal models of insulin resistance. Returning to this study, Mansley et al. may have identified a new path by which insulin stimulates ENaC that is independent of PI3K. If verified with experiments that directly inhibit PI3K, this finding raises new questions about how insulin might stimulate ENaC in the absence of PI3K activity. What are the parallel pathways that enable the dissociation between insulin-stimulated PI3K/ SGK1 activation and insulin-stimulated ENaC current? Does the level of PI3K activity change in the cortical collecting duct under conditions of insulin resistance? If insulin can stimulate ENaC independent of PI3K, does a decrease in PI3K activity in the cortical collecting duct lead to a decrease renal Na + retention or blood pressure? Such questions are best answered back again in animal models of insulin resistance, where these pathways can be characterized under the appropriate pathophysiological contexts and their physiological significance can be properly ascertained. 
